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(54) FUEL CELL SYSTEM AND METHOD OF OPERATING THE SYSTEM 


(57) To avoidpressure variation in a cooling water 
cliannel, extend a life of an ion exchange resin used to 
maintain quality of cooling water and reduce power con- 
sumption by auxiliary machinery at low cost. 

There is provided a polymer electrolyte fuel cell 1 1 , 
a cooling water tank 12, a cooling water channel 13, a 
cooling water pump 1 4, a heat exchanger 1 5, a fuel-side 
condenser 16 and an air-side condenser 17 that cool 


exhaust fuel gas and exhaust oxidizer gas discharged 
from the fuel cell 11 to condense content water vapor, a 
condensed water tank 18 that stores the water con- 
densed in the fuel-side condenser 16 and the air-side 
condenser 1 7, a water supply channel 20 having a water 
supply pump 1 9 for feeding the condensed water to the 
cooling water tank 12, and a water discharge channel 
21 for the cooling water tank 1 2. 
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Description 

Technical Field 

[0001 1 The present invention relates to a fuel cell sys- 
tem that uses a fuel cell to generate electric power, a 
method of operating the same and the like. 

Background Art 

[0002] A conventional polymer electrolyte fuel cell 
system will be described below step-by-step. 
[0003] First, Figure 1 6 is a block diagram showing the 
conventional polymer electrolyte fuel cell system. A 
cooling water circulating system Is provided, in which 
cooling pure water is supplied from a cooling water tank 
2 to a polymer electrolyte fuel cell 1 through a cooling 
water channel 3 by means of a cooling water pump 4, 
and the cooling pure water having passed through the 
fuel cell 1 is cooled in a heat exchanger 5, such as a 
radiator, and then returns to the cooling water tank 2. 
[0004] There Is a problem in that conductive ions are 
eluted into the cooling pure water from the heat ex- 
changer 5, which cools the cooling water, and the in- 
creased conductive ions cause short-circuit in the fuel 
cell 1, thereby reducing the amount of electric power 
generation. Thus, the conductive ions need to be re- 
moved from the cooling water, and to that end, an Ion 
removal filter 6, which includes an ion exchange resin for 
removing the conductive Ions eluted from the heat ex- 
changer 5, is provided in the cooling water channel 3, 
the ion removal filter. 

[0005] With the ion removal filter 6 provided in the 
cooling water channel 3, when the fuel cell 1 requires a 
large amount of water during high load operation, pres- 
sure loss of the cooling water Is increased, therefore a 
bypass channel 7 Is provided to reduce the pressure 
loss; and when a small amount of water during low load 
operation , that is not affected by the pressure loss in the 
ion removal filter 6, a flow control valve 8 Is provided in 
the bypass channel 7. and the flow control valve enables 
the cooling pure water to be actively passed through the 
ion removal filter 6. 

[0006J Although not shown, the water In the cooling 
water tank is reduced in the course of circulation, and 
thus, water needs to be supplied to the tank from out- 
side. The supplied water may be water introduced from 
outside, such as tap water, or recycled water in the sys- 
tem. 

[0007J As for the tap water, an element harmful to the 

human body is removed to a quite low concentration for 
the water to be suitable for drinking. However, for a hard 
water constituent, such as calcium and magnesium, and 
salinity, such as sodium and chlorine, which are not 
hannful to the human body, a significantly high concen- 
tration is permitted. Furthermore, for sterilization, sodi- 
um hypochlorite is added to the water in such a manner 
that the concentration thereof is equal to or higher than 


a certain value at the tap. Thus, the water Is quite inferior 
in purity. Besides, in the case of water introduced from 
another source, such as ground water, a large quantity 
of organic acid or hard water constituent is contained 
5 therein. Thus, It is the same as the tap water in that It 
requires adequate purification. 
[0008] On the other hand, the water recycled in the 
system is generated by reaction of hydrogen (Hg) and 
oxygen (O2) in the fuel cell during electric power gener- 
10 atlon, so that a high purity can be attained in principle. 
However, in order to construct a practical system, some 
parts, such as a pipe and a valve, have to be made of 
metal In ternis of safety or thermal efficiency, and it is 
difficult to entirely prevent metal ions from being eluted 
IS Into the recycled water. Furthermore, the recycled water 
may be brought into contact with air, and carbon dioxide 
may be eluted therein to produce carbonate ions, there- 
by increasing the conductivity. Therefore, also in the 
case where the recycled water is used as the cooling 
20 water for a hydrogen generator or fuel cell, purification 
using the ion exchange resin or the like is needed. 
[0009] Generally, the polymer electrolyte fuel cell sys- 
tem is operated with the cooling water at 70 to 80*C cir- 
culated therein. Sincethecooling water channel 3 of the 
25 polymer electrolyte fuel cell system shown in Figure 1 6 
is a closed type, when the system is operated, the tem- 
perature of the cooling water is changed from an ordi- 
nary temperature before operation to a high tempera- 
ture during electric power generation, and accordingly, 
30 a pressure in the cooling water tank 2 and a pressure of 
the water in the cooling water channel 3 are increased. 
When the system operation is stopped, the temperature 
of the cooling water is changed from the high tempera- 
ture during electric power generation to the ordinary 
35 temperature after operation, and accordingly, the pres- 
sure in the cooling water tank 2 and the pressure of the 
water in the cooling water channel 3 are decreased. 
Thus, there is a first problem in that the cooling water 
tank 2 and the cooling water channel 3 need to be con- 
<0 structed so as to withstand the pressure variation 
caused by the temperature variation. 
[0010] Besides, since the ion removal filter 6 is pro- 
vided in the cooling water channel 3, the Increase of the 
flow rate of the cooling water results In the increase of 
45 the amount of the cooling water passing through the ion 
removal filter 6, whereby the pressure loss in the cooling 
water channel 3 Is increased. In the conventional exam- 
ple, to avoid such a situation, the bypass channel 7 and 
the flow control valve 8 is used. However, there Is a sec- 
50 ond problem In that the cost is increased by the Increase 
in the number of components. To address this problem, 
the capability of the cooling water pump 4 maybe en- 
hanced. In this case, however, the cost as well as power 
consumption by auxiliary machinery for operating the 
55 system are increased, whereby the efficiency of the 
whole system is reduced. Thus, it cannot be said a suf- 
ficient solution. 

[0011 J In addition, there is a third problem as follows. 
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Although most of the ion exchange resins (anion ex- 
change resins, in particular) have a relatively low dura- 
ble temperature, the temperature of the cooling water 
that cools the polymer electrolyte fuel cell 1 is about 70 
to sec. Therefore, the Iron exchange resin In the ion 
removal filter 6 provided In the cooling water channel 3 
is thennally degraded due to long time operation under 
a strict condition in tenns of the durable temperature, 
whereby the life thereof tends to be shortened. Further- 
more, even If the quality of the cooling water is good, 
the cooling water at 70 to 80°C flows. This is inefficient 
and further shortens the life of the Ion exchange resin 
in the ion removal filter 6. 

[001 2] As described above, when the fuel cell system 
is to be put into practical use, water Introduced from out- 
side, which has an insufficient purity, has to be used. 
Therefore, the Ion exchange resin Is degraded rapidly, 
and a small device wou Id have a shortened life and need 
frequent maintenance, and thus, the running cost there- 
of would be increased. In order to extend the life of the 
ion exchange resin, a method of pre-purifying the water 
by means of a reverse osmosis membrane provided in 
the preceding stage and then purifying the same water 
by means of the ion exchange resin is often used in ultra 
pure water production or the like. As disclosed in Japa- 
nese Patent Laid-Open No. 1 0-235396, there is also a 
purified water production apparatus for a fuel cell in 
which water is passed through the ion exchange resin 
after being purified to a certain degree through the re- 
verse osmosis membrane. Here, the entire disclosure 
of the above-described Japanese Patent Laid-Open No. 
10-235396 is incorporated herein by reference in its en- 
tirety. 

[001 3] Here, there is a fourth problem as follows. The 
reverse osmosis membrane Is a membrane with micro- 
pores. While most of impurities cannot pass through the 
membrane, water molecule can pass through It. There- 
fore, water with a high purity exudes to the other side of 
the membrane. The impurities not passing through the 
membrane are continuously discharged in the form of 
condensed water. The higher the pressure of the water 
supplied, or the higher the temperature thereof, the larg- 
er amount of water can be purified. However, the 
amount of the condensed water discharged Is also In- 
creased, and the running cost for the discharged water 
is Increased accordingly. To eliminate the discharged 
water, another structure, for example, a channel to re- 
turn the discharged water to the raw water for re-purlfl- 
cation needs to be provided. 

Disclosure of the Invention 

[001 4] In consideration of the above-described first to 
third problems of the conventional polymer electrolyte 
fuel cell system, an object of the present Invention Is to 
provide a polymer electrolyte fuel cell system having a 
simple construction with low cost and a high efficiency 
to attain a long life of an ion exchange resin used to 


maintain quality of cooling water, and a method of oper- 
ating the same. 

[0015] Furthermore, this invention solves the fourth 
problem of water processing in the above-described 

5 conventional fuel cell system, and when a reverse os- 
mosis membrane device is used for purification to ex- 
tend the life of the ion exchange resin or reduce the us- 
age thereof, it reduces discharged condensed water, 
thereby reducing the running cost. 

'0 [0016] To achieve the above object, the 1st invention 
of the present invention (corresponding to Claim 1) is a 
fuel cell system, comprising: 


IS 


20 


25 


30 


40 


45 


a fuel cell that generates electric power using a fuel 
gas and an oxidizer gas; 

a cooling water tank that stores cooling water for 
cooling said fuel cell; 

fuel-side condenser means of cooling an exhaust 
fuel gas discharged from said fuel cell to condense 
content water vapor, thereby providing condensed 
water and /or oxidizer-slde condenser means of 
cooling an exhaust oxidizer gas discharged from 
said fuel cell to condense content water vapor, 
thereby providing condensed water; 
a condensed water tank that is opened to atmos- 
phere and stores said condensed water provided 
by said fuel-side condenser means and/or said ox- 
Idlzer-slde condenser means; and 
an atmosphere communicating channel that inter- 
connects a space in said cooling water tank and a 
space in said condensed water tank. 


[0017] The 2nd invention of the present invention 
(corresponding to Claim 2) is the fuel cell system ac- 
35 cording to the 1st invention, comprising: 


a water supply channel including water supply 
means of supplying water from said condensed wa- 
ter tank to said cooling water tank and water quality 
treatment means of adjusting the quality of the wa- 
ter supplied to said cooling water tank; and 
controller means of controlling at least an operation 
of said water supply means, and 
the water adjusted in quality by said water quality 
treatment means is supplied to said cooling water 
tank from said condensed water tank. 


[001 8] The 3rd Invention of the present invention (cor- 
responding to Claim 3) is the polymer electrolyte fuel 
so cell system according to the 2nd Invention, wherein said 
controller means activates said water supply means 
when starting and/or terminating the operation of the fu- 
el cell system. 

[0019] The 4th invention of the present invention (cor- 
55 responding to Claim 4) is the fuel cell system according 
to the 2nd invention, wherein said controller means in- 
cludes: 


3 


5 


EP1 333 518 A1 


6 


number-of-operatlons storage means of counting 
and storing a number of operations of the fuel cell 
system; and 

number-of-operations resetting means of resetting 
said stored number of operations to an Initial con- 
dition, and 

said water supply means is activated when said 
number of operations stored in said number-of-op- 
eratlons storage means becomes larger than a cer- 
tain number, and after the operation of said water 
supply means is tennlnated, said number of opera- 
tions is reset by said number-of-operations reset- 
ting means. 

[0020] The 5th Invention of the present invention (cor- 
responding to Claim 5) Is the fuel cell system according 
to the 2nd invention, wherein said controller means in- 
cludes: 

operation time storage means of counting and stor- 
ing an operation time of the fuel cell system; and 
operation time resetting means of resetting said 
stored operation time to an initial condition, and 
said water supply means is activated when said op- 
eration time stored In said operation time storage 
means becomes larger than a certain time, and af- 
ter the operation of said water supply means is ter- 
minated, said operation time is reset by said oper- 
ation time resetting means. 

[0021] The 6th Invention of the present invention (cor- 
responding to Claim 6) is the fuel cell system according 
to the 2nd Invention, wherein said controller means in- 
cludes water quality detecting means of detecting the 
quality of said cooling water, and 

said water supply means is activated when said wa- 
ter quality becomes worse than a predetemrilned 
first reference value, and said water supply means 
is stopped when said water quality becomes better 
than a predetermined second reference value dur- 
ing operation of said water supply means. 

[0022] The 7th invention of the present Invention (cor- 
responding to Claim 7) Is the fuel cell system according 
to the 2nd invention, wherein an ion exchange resin Is 
used as said water quality treatment means. 
[0023] The 8th invention of the present invention (cor- 
responding to Claim 8) is the fuel cell system according 
to any of the 1st to 7th Inventions, comprising: 

a hot water reservoir that has a hot water circulation 
channel, through which hot water Intended for heat 
exchange with said cooling water circulates, and 
stores said hot water; and 
a reverse osmosis layer device. 

[0024] The 9th invention of the present invention (cor- 


responding to Claim 9) is the fuel cell system according 
to the 8th invention, wherein said reverse osmosis layer 
device receives city water, separates the city water into 
purified water and condensed water, supplies said con- 
5 densed water to said hot water reservoir, and supplies 
said purified water to said condensed water tank or said 
cooling water tank. 

[0025] The 10th Invention of the present invention 
(corresponding to Claim 10) is the fuel cell system ac- 

10 cording to the 8th invention, wherein said reverse os- 
mosis layer device receives said hot water from said hot 
water reservoir, separates the hot water into purified wa- 
ter and condensed water, returns said condensed water 
to said hot water reservoir, and supplies said purified 

15 water to said condensed water tank or said cooling wa- 
ter tank. 

[0026] The 11th invention of the present Invention 
(corresponding to Claim 11) is the fuel cell system ac- 
cording to the 9th or 10th invention, comprising: 

20 

a bypass channel that directly interconnects an inlet 
port and a discharge port for said condensed water 
of said reverse osmosis layer device; and 
a reverse osmosis membrane inlet-side channel 

^5 control valve and/or a condensed water discharge- 
side channel control valve, the reverse osmosis 
membrane inlet-side channel control valve being 
provided at a branch point of the Inlet port of said 
reverse osmosis membrane device and said by- 

30 pass channel or at a position closer to said Inlet port 
than the branch point, and the condensed water dis- 
charge-side channel control valve being provided 
at a branch point of said discharge port for the con- 
densed water of said reverse osmosis membrane 

35 device and said bypass channel or at a position 
closer to said discharge port than the branch point, 
wherein 

said controller controls the reverse osmosis mem- 
brane inlet-side channel control valve and/or said 
40 condensed water discharge-side channel control 
valve to pass whole or part of the water passing 
through the said reverse osmosis layer device 
through said bypass channel. 

45 [0027] The 12th invention of the present invention 
(corresponding to Claim 12) is the fuel cell system ac- 
cording to the 11th invention, comprising: temperature 
detecting means of measuring the temperature of the 
water supplied to said reverse osmosis membrane de- 

50 vice, wherein 

said controller controls to adjust a ratio of waters 
supplied to said bypass channel and said reverse 
osmosis membrane device based on the tempera- 
55 ture measured with said temperature detecting 
means. 

[0028] The 13th invention of the present invention 
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(corresponding to Claim 13) is the fuel cell system ac- 
cording to the 11th Invention, comprising booster means 
of increasing the pressure of the water that Is provided 
in the inlet-side channel of said reverse osmosis mem- 
brane device. 

[0029] The 14th invention of the present invention 
(corresponding to Claim 14) is the fuel cell system ac- 
cording to the 1 1 th invention, comprising water amount 
measuring means of measuring the amount of water 
stored in said condensed water tank. 
[0030] The 15th Invention of the present invention 
(corresponding to Claim 15) is the fuel cell system ac- 
cording to the 1 1 th invention, comprising flow rate meas- 
uring means of measuring the amount of water supplied 
from said condensed water tank to a reformer that sup- 
plies the fuel gas to said fuel cell. 
[0031] The 16th invention of the present Invention 
(corresponding to Claim 16) is the fuel cell system ac- 
cording to the 11th invention, comprising: 

amount-of-electric-power-generation measuring 
means of measuring the amount of electric power 
generated by said fuel cell; and 
amount-of-collected-water estimating means of es- 
timating, based on the detection value of said 
amount-of-electric-power-generation measuring 
means, the amount of condensed water collected 
in said fuel-side condenser means and/or said oxl- 
dlzer-side condenser means. 

[0032] The 17th invention of the present invention 
(corresponding to Claim 17) is the fuel cell system ac- 
cording to the 9th or 10th invention, wherein said hot 
water reservoir has a discharge valve that discharges 
said hot water when the water purified in said reverse 
osmosis membrane device becomes insufficient. 
[0033] The 18th invention of the present invention 
(corresponding to Claim 1 8) is a method of operating a 
fuel ceil system comprising: 

a fuel cell that generates electric power using a fuel 
gas and an oxidizer gas; 

a cooling water tank that stores cooling water for 
cooling said fuel cell; 

fuel-side condenser means of cooling an exhaust 
fuel gas discharged from said fuel cell to condense 
content water vapor, thereby providing condensed 
water and /or oxidlzer-slde condenser means of 
cooling an exhaust oxidizer gas discharged from 
said fuel cell to condense content water vapor, 
thereby providing condensed water; 
a condensed water tank that is opened to atmos- 
phere and stores said condensed water provided 
by said fuel-side condenser means and/or said ox- 
idizer-side condenser means; and 
an atmosphere communicating channel that Inter- 
connects a space In said cooling water tank and a 
space in said condensed water tank, 


wherein 

the method comprises the steps of: 

s generating electric power in said fuel cell using 

said fuel gas and said oxidizer gas; 
cooling said fuel cell with the cooling water In 
said cooling water tank; 
with said fuel-side condenser means and/or ox- 
10 Idizer-slde condenser means, providing con- 

densed water by cooling the exhaust fuel gas 
and/or said exhaust oxidizer gas discharged 
from said fuel cell to condense the content wa- 
ter vapor; and 

storing said condensed water in said con- 
densed water tank, and 
atmospheric pressure In said condensed water 
tank accommodates pressure variation in said 
cooling water tank. 

[0034] The 19th invention of the present invention 
(corresponding to claim 1 9) is the method of operating 
a fuel cell system according to the 18th inveniton, 
wherein said fuel cell system comprises: 

a water supply channel including water supply 
means of supplying water from said condensed wa- 
ter tank to said cooling water tank and water quality 
treatment means of adjusting the quality of the wa- 
ter supplied to said cooling water tank, and 
the method comprises a step of supplying the water 
adjusted in quality by said water quality treatment 
means to said cooling water tank from said con- 
densed water tank. 

[0035] The 20th invention of the present invention 
(corresponding to Claim 20) is the method of operating 
a fuel cell system according to the 1 8th or 1 9th Invention , 
wherein said fuel cell system comprises a hot water res- 
ervoir having a hot water circulation channel Intended 
for heat exchange with said cooling water and a reverse 
osmosis layer device, and 

the method comprises the steps of: 

supplying purified water to said cooling water tank 
and/or said condensed water tank through said re- 
verse osmosis device; and 
supplying the condensed water discharged from 
said reverse osmosis device to said hot water res- 
ervoir. 

Brief Description of the Drawings 
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[0036] 

55 

Figure 1 Is a block diagram showing a polymer elec- 
trolyte fuel cell system according to a first embodi- 
ment of this invention; 


5 


9 


EP1 333 518 A1 


10 


20 water supply channel 

21 water discharge channel 
23, 26, 30, 31 controller 
24 number-of-operatlons storage means 

s 25 nunriber-of-operations resetting means 

27 operation time storage means 

28 operation time resetting means 

29 water quality monitor 
41 refomrier 

10 42 combustion section 

43 hot water reservoir 

44 reverse osmosis membrane device 

45 hot water supply channel 

46 hot water circulation channel 
^5 51 , 59 level sensor 

52 drain valve 

53 condenser 
58 booster pump 

54 reverse osmosis membrane inlet-slde channel 
20 switching valve 

55 condensed water outlet-side channel switching 

valve 

56 bypass channel 

57 temperature sensor 
25 60 flow ratio control valve 

61 flow meter 

62 amount-of-electrlc-power-generatlon-control- 
llng section 

63 current measuring section 
30 64 amount-of-coliected-water-estlmating means 

101 electrolyte 

1 02 fuel electrode 

103 air electrode 
1 04a hydrogen-side catalyst layer 

35 104b air-side catalyst layer 


Description of Reference Numerals 


[0037] 


11 

fuel cell 

12 

cooling water tank 

13 

cooling water channel 

14 

cooling water pump 

15 

heat exchanger 

22, 

47 ion removal filter 

16 

fuel-side condenser 

17 

air-side condenser 

18 

condensed water tank 

19 

water supply pump 


Best IVIode for Carrying out the Invention 

[0038] Now, embodiments of this invention will be de- 
scribed with reference to drawings. 

(First Embodiment) 

[0039] Figure 1 is a block diagram showing a polymer 
electrolyte fuel cell system according to a first embodi- 
ment of this invention. The polymer electrolyte fuel cell 
system comprises a polymer electrolyte fuel cell 11 for 
generating electric power using a fuel gas and an oxi- 
dizing gas, a cooling water tank 12 for storing cooling 
water for cooling the fuel cell 11 , a cooling waterchannel 
13 for circulating the cooling water, a cooling water 
pump 14 serving as means of making the cooling water 
circulate through the cooling water channel 13, a heat 
exchanger 15 for cooling the cooling water, a fuel-side 
condenser 16 for cooling the exhaust fuel gas dis- 
charged from the fuel cell 11 to condense water vapor 
contained therein, an air-side condenser 1 7 for cooling 
the exhaust air discharged from the fuel cell 11 to con- 


Figure 2 is a block diagram showing a polymer elec- 
trolyte fuel cell system according to a second em- 
bodiment of this invention; 
Figure 3 is a block diagram showing a polymer elec- 
trolyte fuel cell system according to a third embod- 
iment of this Invention; 

Figure 4 is a block diagram showing a polymer elec- 
trolyte fuel cell system according to a fourth embod- 
iment of this invention; 

Figure 5 is a block diagram showing a polymer elec- 
trolyte fuel cell system according to a fifth embodi- 
ment of this invention; 

Figure 6 is a block diagram showing a fuel cell sys- 
tem according to a sixth embodiment of this inven- 
tion; 

Figure 7 is a block diagram showing a fuel cell sys- 
tem according to a seventh embodiment of this In- 
vention; 

Figure 8 is a block diagram showing a fuel cell sys- 
tem according to a eighth embodiment of this inven- 
tion; 

Figure 9 is a block diagram showing a fuel cell sys- 
tem according to a ninth embodiment of this inven- 
tion; 

Figure 1 0 is a block diagram showing a fuel ceil sys- 
tem according to a tenth embodiment of this inven- 
tion; 

Figure 1 1 is a block diagram showing a fuel cell sys- 
tem according to a eleventh embodiment of this in- 
vention; 

Figure 1 2 is a block diagram showing a fuel cell sys- 
tem according to a twelfth embodiment of this in- 
vention; 

Figure 1 3 is a block diagram showing a fuel cell sys- 
tem according to a thirteenth embodiment of this in- 
vention; 

Figure 14 is a conceptual diagram Illustrating a re- 
action In a fuel cell; 

Figure 1 5 is a block diagram showing a fuel cell sys- 
tem according to a ninth embodiment of this inven- 40 

tion; and 

Figure 1 6 is a block diagram showing a convention- 
al polymer electrolyte fuel cell system. 
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dense water vapor contained therein, a condensed wa- 
ter tank 1 8 opened to the atmosphere for storing the wa- 
ter condensed in the fuel-side condenser 1 6 and the air- 
side condenser 17, and a water discharge channel 21 
for discharging excessive cooling water in the cooling 
water tank 12. The water discharge channel 21 may be 
provided on a ceiling surface or side surface of the cool- 
ing water tank. However, desirably, the channel is pro- 
vided on an upper part of the cooling water tank. More 
desirably, the channel is provided to be higher than the 
water surface of the cooling water tank 1 2 when the sys- 
tem is in operation. 

[0040] Here, the water discharge channel 21 also 
serves at an atmosphere communicating channel in this 
invention. 

[0041 ] Now, operation of the polymer electrolyte fuel 
cell system in this embodiment will be described. 
[0042] The fuel gas and the oxidizing gas supplied to 
the fuel cell 11 are those adjusted in temperature and 
humidity. The fuel gas used may be hydrogen gas, or 
a hydrogen-rich gas obtained by steam refonming a hy- 
drocarbon gas, such as methane. The oxidizing gas 
used may be oxygen gas or a gas containing oxygen, 
such as air. 

[0043] The electrochemical reaction in the fuel cell 1 1 
consumes the hydrogen in the fuel gas and the oxygen 
in the oxidizing gas to generate water on the side of the 
oxidizing gas. The oxidizing gas discharged from the fu- 
el cell 11 is introduced into the oxidizer-side condenser 
1 7, where the temperature thereof is decreased through 
heat exchange with outside air and the water vapor in 
the discharged air is condensed Into water, which is to 
be collected in the condensed water tank 1 8. On the oth- 
er hand, the exhaust fuel gas discharged from the fuel 
cell 11 is Introduced into the fuel-side condenser 16, 
where the temperature thereof is decreased through 
heat exchange with outside air and the water vapor in 
the exhaust fuel gas is condensed into water, which is 
to be collected in the condensed water tank 18. 
[0044] In order to keep the fuel cell generating electric 
power at a constant temperature equal to or higher than 
70^*0, the water is circulated through the cooling water 
channel 1 3 by means of the cooling water pump 1 4, and 
the heat generated in the fuel cell 1 1 is emitted to the 
outside by means of the heat exchanger 15. Since a gas 
existing in the upper space in the cooling water tank 12 
is communicated via the water discharge channel 21 
with the condensed water tank 1 8, which is opened to 
the atmosphere, an internal pressure of the cooling wa- 
ter tank 1 2 is always Identical to that attained when the 
tank is opened to the atmosphere, 
[0045] With the arrangement of the polymer electro- 
lyte fuel cell system according to this embodiment, the 
Internal pressure of the cooling water tank 12 is always 
Identical to that attained when the tank is opened to the 
atmosphere. Therefore, when the temperature of the 
cooling water is raised from an ordinary temperature be- 
fore system operation to a high temperature during elec- 


tric power generation, the gas existing in the upper 
space in the cooling water tank 12 is expanded due to 
the temperature rise, and the cooling water Is evaporat- 
ed according to the saturated water vapor pressure for 

5 the temperature at that time. That is, the gas existing in 
the upper space in the cooling water tank 12 becomes 
an wet gas containing the saturated water vapor. Here, 
the internal pressure of the cooling water tank 12 Is al- 
ways identical to that attained when the tank Is opened 

10 to the atmosphere. The wet gas is introduced into the 
condensed water tank 18 through the water discharge 
channel 21 while emitting heat to the outside. The.water 
in the condensed water tank 18 is generally kept at a 
temperature equal to or lower than 40^*0, and thus, the 

15 gas in the condensed water tank contains the saturated 
water vapor with a temperature equal to or lower than 
40X. Accordingly, the wet gas from the cooling water 
tank 12 is cooled to about 40^0 through the water dis- 
charge channel 21 and the condensed water tank 18, 
20 and the water vapor corresponding to supersaturation 
is condensed into water and collected in the condensed 
tank 18. 

[0046] During steady operation, the inside of the cool- 
ing water tank is kept at a constant temperature equal 

25 to or higher than 70*»C. Therefore, the gas in the upper 
space in the cooling water tank 1 2 is not changed in vol- 
ume, and the cooling water is hardly evaporated. When 
the system operation is stopped, the temperature of the 
cooling water is changed from the high temperature dur- 

30 Ing electric power generation to the ordinary tempera- 
ture after operation, whereby the gas in the cooling wa- 
ter tank 12 is reduced in volume, and the water vapor is 
condensed. At this time, the gas corresponding to the 
volume reduction flows from the condensed water tank 

35 1 8, which is opened to the atmosphere, into the cooling 
water tank 1 2 via the water discharge channel 21 . Thus, 
also when the system is at rest, the internal pressure of 
the cooling water tank 12 is always identical to that at- 
tained when the tank is opened to the atmosphere. 

40 [0047] That is, with the arrangement of the polymer 
electrolyte fuel cell system illustrated in this embodi- 
ment, the internal pressure of the cooling water tank 1 2 
can always be kept identical to that attained when the 
tank is opened to the atmosphere, and the cooling water 

45 tank 1 2 and the cooling water channel 1 3 need not have 
structures capable of withstanding the pressure varia- 
tion. 

[0048] While in this embodiment, both the fuel-side 
condenser 16 and the oxidizer-side condenser 17 are 
50 provided, only one of the fuel-side condenser 1 6 and the 
oxidizer-side condenser 1 7 may be provided to achieve 
the same effect, 

[0049] While in this embodiment, the fuel-side con- 
denser 16 and the oxidizer-side condenser 17 are air- 
55 cooled heat exchangers that conduct heat exchange 
with the outside air, a water-cooled heat exchanger that 
conducts heat exchange with water may be used to 
achieve the same effect. 
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[0050] In addition, the water In the condensed water 
tank 1 8 may be supplied to the cooling water tank 1 2. 

(Second Embodimenl) 

(0051 ] Figure 2 Is a block diagram showing a polymer 
electrolyte fuel cell system according to a second em- 
bodiment of this invention. Members identical to those 
in Figure 1 and having the same functions as In Figure 
1 are given the same reference numerals, and descrip- 
tion thereof will be omitted. 

[0052] This embodiment is different from the first em- 
bodiment in that there are provided a watersupply chan- 
nel 20, which Is provided with an Ion removal filter 22 
and a water supply pump 1 9 for feeding the condensed 
water from the condensed water tank 18 to the cooling 
water tank 1 2, and a controller 23 for controlling activa- 
tion of the water supply pump 1 9. The ion removal filter 
22 serves as means of treating water quality. 
[0053] Now, the operation will be described. When the 
cooling water In the cooling water tank 12 is decreased, 
the water supply pump 19 in the water supply channel 
20 is activated under the control of the controller 23, 
thereby supplying the water in the condensed water tank 
18 to the cooling water tank 12. At this time, even if the 
water is excessively supplied to the cooling water tank 
12, the excessive cooling water is discharged through 
the water discharge channel 21 to the condensed water 
tank 1 8, so that a space is provided in the cooling water 
tank 12 and the inside thereof is not completely filled 
with water. 

[0054] Here, the ion removal fllter22 is to remove ions 
contained in the water in the cooling water tank 12 by 
means of an ion exchange resin, and thus, adjusts the 
q u atity of the water supplied to the cooling water tank 12. 
[0055] With the an-angement of the polymer electro- 
lyte fuel cell system shown in this embodiment, besides 
the actions described in the first embodiment, water can 
be supplied to the cooling water tank 12 to prevent the 
water therein from being decreased and the quality of 
the supplied water can be adjusted in continuous oper- 
ation. In addition, since the temperature of the con- 
densed water is of the order of 40°C, the ion exchange 
resin can be used at a temperature equal to or lower 
than the durable temperature, and therefore, the ther- 
mal degradation of the Ion exchange resin can be pre- 
vented. 

[0056] In addition, with the arrangement of the poly- 
mer electrolyte fuel cell system shown in this embodi- 
ment, the following operation can be realized. 
[0057] When the cooling water in the cooling water 
tank 12 is not decreased, the water supply pump 19 is 
activated. Then, water, which is adjusted in quality 
through the ion removal filter 22 In the water supply 
channel 20, is supplied to the cooling water tank 12, Ex- 
cessive cooling water in response to this, is discharged 
through the water discharge channel 21 and collected 
in the condensed water tank 18. The water supplied to 


the cooling water tank 1 2 has better quality than the dis- 
charged water Thus, the quality of the cooling water can 
be improved. 

[0058] While the cooling water collected in the con- 
5 densed water tank 1 8 has a high temperature equal to 
or higher than 70°C, the condensed water condensed 
for collection in the fuel-side condenser 16 and the air- 
side condenser 1 7 has a temperature of the order of 
40°C. Therefore, the temperature of the water passing 

'0 through the ion removal filter 22 Is always below the du- 
rable temperature of the ion exchange resin. That is, the 
ion exchange resin is not thennaliy degraded, so that 
the quality of the cooling water can be maintained even 
In system operation, while extending the life of the ion 

^5 removal filter 22. 

[0059] In addition, the water supply pump 1 9 can be 
continuously operated during system operation to con- 
tinuously maintain the quality of the cooling water. 
[0060] In addition, according to the arrangement of 

20 the polymer electrolyte fuel cell system shown in this 
embodiment, the ion removal filter 22 lies in the water 
supply channel 20. Therefore, there Is no need to use 
the bypass channel 7 or flow control valve 8, or to en- 
hance the capability of the cooling water pump 4 shown 

2s in the conventional example. Thus, an inexpensive and 
highly efficient polymer electrolyte fuel cell system can 
be realized without Increase in the number of compo- 
nents, cost due to enhancement of the capability, or 
power consumption by auxiliary machinery. 

30 [0061] Thus , with the arrangement of the polymer 
electrolyte fuel cell system shown in this embodiment, 
besides the actions described In the first embodiment, 
the quality of the cooling water can be maintained, the 
life of the ion removal filter 22 can be extended, and the 

35 efficiency of the whole system can be improved at a low 
cost. 

[0062] Furthermore, an effective method of operating 
the polymer electrolyte fuel cell system shown In this 
embodiment will be described. 
40 [0063] In this operating method, the water supply 
pump 19 is activated to maintain the quality of the cool- 
ing water when starting and/or terminating the system 
operation. 

[0064] When starting the system operation, the cool- 
<s ing water is at a low temperature. Therefore, there is 
little difference between the temperatures of the water 
supplied to the cooling water tank 12 and the water dis- 
charged therefrom, so that there is little heat loss. When 
terminating the system operation, the fuel cell 11 does 
so not generate heat. Thus, a heat quantity of the cooling 
water is decreased by heat quantities of the supplied 
water and the discharged water, and the temperature of 
the cooling water is decreased accordingly. That Is, 
since the cooling water and the fuel cell 11 are cooled 
S5 more rapidly, the termination time can be advanta- 
geously shortened. 

[0065] This operating method Is more effectively ap- 
plied to a polymer electrolyte fuel cell cogeneratlon sys- 
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tern in which heat generated In the fuel cell during elec- 
tric power generation is coiiected and thermally used for 
hot-water supply, heating or the like. 

(Third Embodiment) s 

[0066] Figure 3 is a block diagram showing a polymer 
electrolyte fuel cell system according to a third embod- 
iment of this invention. Members identical to those in 
Figure 2 and having the same functions as in Figure 2 
are given the same reference numerals, and description 
thereof will be omitted. 

[0067] In the polymer electrolyte fuel cell system ac- 
cording to this embodiment, the controller 23 comprises 
number-of-operatlons recording means 24 of counting 
and recording the number of operations of the system 
and number-of-operations resetting means 25 of reset- 
ting the number of operations to an initial condition. 
[0068] The number-of-operations storage means 24 
newly stores a value n+1 , which is obtained by adding 
1 to the number of operations n, after the system oper- 
ation is terminated. Besides, the number-of-operations 
resetting means 25 changes the number of operations 
n in the number-of-operations storage means 24 to 0, 
the initial condition, after the operation of the water sup- 
ply pump 1 9 is terminated. 

[0069] Now, an operation of the polymer electrolyte 
fuel cell system according to this embodiment will be de- 
scribed. 

[0070] The number of operations n stored In the 

number-of-operations storage means 24 Is compared 
with a threshold n1 of the number of operations for ac- 
tivation of the water supply pump 19. If n > n1, an in- 
struction is issued from the controller 23 to activate the 
water supply pump 19. Then, when an Instruction to ter- 
minate the operation of the water supply pump 1 9 is is- 
sued from the controller 23 to the water supply pump 1 9 
and the operation of the water supply pump 1 9 is termi- 
nated, the number of operations n In the number-of-op- 
erations storage means 24 is set to the initial condition, 
0, by the number-of-operations resetting means 25. If n 
<n1 or n = n1, the water supply pump 19 is not activated. 
IHere, the threshold n1 is intended to provide timing for 
activation of the water supply pump 19 and is set by ex- 
perimentally detemnining the number of operations at 
which the quality of the water in the cooling water tank 
1 2 is degraded when the fuel system is continuously op- 
erated. 

[0071 ] The instruction can be issued from the control- 
ler 23 to the water supply pump 1 9 at any time when the 
pump can be activated. In addition, the instruction can 
be issued more than once. When the instruction is is- 
sued more than once, after the water supply pump 1 9 
is activated and then terminated by the last instruction, 
the number of operations n in the number-of-operations 
storage means 24 is set to the initial condition, 0, by the 
number-of-operations resetting means 25. 
[0072] In this way, with the arrangement of the poly- 


mer electrolyte fuel cell system shown in this embodi- 
ment, since the activation of the water supply pump 19 
is controlled based on the number of operations, the wa- 
ter supply pump 19, which is activated to maintain the 
quality of the cooling water, can be activated a required 
number of times, and therefore, can be optimally acti- 
vated. Whereby, the quality of the cooling water can be 
optimally maintained, and the life of the ion removal filter 
22 can be further extended. That Is, a polymer electro- 
lyte fuel celt system capable of extending the life of the 
ion removal filter 22 for maintaining the quality of the 
cooling water can be provided. 
[0073] In this embodiment, the number-of-operations 
storage means 24 newly stores the value n+1 , which is 
obtained by adding 1 to the number of operations n, after 
the system operation is tennlnated. However, it may 
newly store the value n+1 in place of the value n at any 
time during system operation including the start and the 
termination to achieve the same effect. 

(Fourth Embodiment) 

[0074] Figure 4 is a block diagram showing a polymer 
electrolyte fuel cell system according to a fourth embod- 
iment of this invention. Members Identical to those In 
Figure 2 and having the same functions as In Figure 2 
are given the same reference numerals, and description 
thereof will be omitted. 

[0075] The polymer electrolyte fuel cell system ac- 
cording to this embodiment comprises a controller 26 
that controls activation ofthewatersupply pump 19, and 
the controller 26 includes operation time recording 
means 27 of counting and recording the operation time 
of the system and operation time resetting means 28 of 
resetting the operation time to an Initial condition. 
[0076] The operation time storage means 27 counts 
a total time of system operation and newly stores the 
time. Besides, the operation time resetting means 28 
changes the operation time in the operation time storage 
means 27 to 0, the initial condition, after the operation 
of the water supply pump 19 is terminated. 
[0077] Now, an operation of the polymer electrolyte 
fuel celt system according to this embodiment will be de- 
scribed. 

[0078] The operation time T stored in the operation 
time storage means 27 is compared with a threshold T1 
of the operation time for activation of the water supply 
pump 1 9. If T > T1 , an instruction is issued from the con- 
troller 26 to activate the water supply pump 19. Then, 
when an Instruction to terminate the operation of the wa- 
ter supply pump 19 is issued from the controller 26 to 
the water supply pump 19 and the operation of the water 
supply pump 19 is terminated, the operation time T in 
the operation time storage means 27 is set to the initial 
condition, 0, by the operation time resetting means 28. 
If T < T1 or T = T1 , the water supply pump 1 9 is not 
activated. Here, the threshold T1 is intended to provide 
timing for activation of the water supply pump 1 9 and is 


IS 


20 


25 


30 


35 


40 


45 


SO 


9 


17 


EP1 333 518 A1 


18 


set by experimentally determining the operation time at 
which the quality of the water in the cooling water tank 
1 2 is degraded when the fuel system Is continuously op- 
erated. 

[0079] The Instruction can be Issued from the control- s 

ler 26 to the water supply pump 1 9 at any time when the 
pump can be activated. In addition, the instruction can 
be issued more than once. When the instruction is is- 
sued more than once, after the water supply pump 19 
is activated and then terminated by the last instruction, io 
the operation time T in the operation time storage means 
27 is set to the initial condition, 0, by the operation time 
resetting means 28. 

[0080] In this way, with the arrangement of the poly- 
mer electrolyte fuel cell system shown in this embodi- is 
ment, since the activation of the water supply pump 19 
is controlled based on the operation time, the water sup- 
ply pump 19, which is activated to maintain the quality 
of the cooling water, can be activated a required number 
of times, and therefore, can be optimally activated. 20 
Whereby, the quality of the cooling water can be opti- 
mally maintained, and the life of the ion removal filter 22 
can be further extended. That is, a polymer electrolyte 
fuel cell system capable of extending the life of the Ion 
removal filter22formaintalningthe quality of thecooling 2s 
water can be provided. 

(Fifth Embodiment) 

[0081] Figure 5 Is a block diagram showing a polymer so 

electrolyte fuel cell system according to a fifth embodi- 
ment of this invention. Members identical to those in Fig- 
ure 2 and having the same functions as in Figure 2 are 
given the same reference numerals, and description 
thereof will be omitted. 3s 
[0082] The polymer electrolyte fuel cell system shown 
in this embodiment comprises a water quality monitor 
29 serving as water quality monitoring means of this in- 
vention that monitors the quality of the cooling water cir- 
culating through the cooling water channel 13, and a 40 
controller 30 that controls activation of the water supply 
pump 19 according to monitoring by the water quality 
monitor 29. 

[0083] The controller 30 has preset first and second 
reference values . The first reference value Is a thresh- 4S 

old for activating the water supply pump 19 when a value 
indicated by the water quality monitor 29 becomes 
worse than the threshold. The second reference value 
is a threshold for stopping the operation of the water 
supply pump 19 when a value indicated by the water so 
quality monitor 29 becomes better than the threshold 
during operation of the water supply pump 19. 
[0084] In this embodiment, a conductivity meter is 
used as the water quality monitor 29. In addition, a con- 
ductivity a1 of the water in the cooling water channel 13 ss 
is set as the first reference value, and a conductivity a2 
of the water in the cooling water channel 1 3 is set as the 
second reference value. 


[0085] Now, an operation of the polymer electrolyte 
fuel cell system according to this embodiment will be de- 
scribed. 

[0086] A conductivity a measured by the water quality 
monitor 29 is compared with the conductivity a1 , which 
is the first reference value for activating the water supply 
pump 19, and if a > a1 , an instruction is issued from the 
controller 30 to activate the water supply pump 1 9. The 
water supply pump 1 9 continues to operate until the re- 
lationship of a < a2 is attained. 
[0087] During operation of the water supply pump 19, 
the conductivity a measured by the water quality monitor 
29 is compared with the conductivity a2, which is the 
second reference value for stopping the operation of the 
water supply pump 19, and if a < a2, an instruction Is 
issued from the controller 30 to stop the operation of the 
water supply pump 1 9. The water supply pump 1 9 con- 
tinues to stop until the relationship of a > a1 is attained 
again. 

[0088] Here, the instruction can be issued from the 

controller 30 to the water supply pump 19 at any time 
when the pump can be activated, 
[0089] In this way, with the arrangement of the poly- 
mer electrolyte fuel cell system shown In this embodi- 
ment, since the activation of the water supply pump 19 
is controlled based on the quality of the cooling water, 
the water supply pump 1 9, which is activated to maintain 
the quality of the cooling water, can be optimally activat- 
ed. Whereby, the quality of the cooling water can be op- 
timally maintained, and the life of the Ion removal filter 
22 can be further extended. That is, a polymer electro- 
lyte fuel cell system capable of extending the life of the 
Ion removal filter 22 for maintaining the quality of the 
cooling water can be provided. 
[0090] In this embodiment, the quality of the cooling 
water is indicated by conductivity, and the conductivity 
meter is used to measure the conductivity. However, the 
water quality referredto herein is not limited thereto, and 
the same effect can be attained if the water quality mon- 
itor detects pH and the quality of the cooling water is 
controlled based thereon. 

(Sixth Embodiment) 

[0091] Figure 6 is a block diagram showing a fuel cell 
system according to a sixth embodiment of this inven- 
tion. Members identical orcorrespondlngtothosein Fig- 
ures 1 and 2 are given the same reference numerals, 
and description thereof will be omitted. In addition, ref- 
erence numeral 41 denotes a refomier, reference nu- 
meral 42 denotes a combustion section for heating the 
reformer, reference numeral 43 denotes a hot water res- 
ervoir, reference numeral 44 denotes a reverse osmosis 
membrane device, reference numeral 45 denotes a hot 
water supply channel, reference numeral 46 denotes a 
hot water circulation channel, reference numeral 47 de- 
notes an Ion removal filter including an ion exchange 
resin, reference numeral 48 denotes a reformed water 
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supply pump, reference numeral 49 denotes a blower, 
reference numeral 50 denotes a hot water circulation 
pump, reference numeral 51 denotes a level sensor, ref- 
erence numeral 52 denotes a drain valve for discharging 
the hot water, and reference numeral 31 denotes a con- s 
trollerforcontrolling the entire system. However, for sim- 
plification, the fuel-side condenser 16 and the air-side 
condenser 1 7 are collectively shown as a condenser 53. 
The same goes for embodiments described later. 
[0092] As for the fuel cell system thus constructed, an 
operation will be described below. 
[0093] City gas and water are reacted in the reformer 
41 to produce hydrogen, and a hydrogen-rich gas is sup- 
plied to the fuel cell 1 1 . A catalyst is used in the produc- 
tion of hydrogen, and the reformer 41 is heated by burn- 
ing the city gas in the combustion section 42 so as to 
attain an optimal catalytic activity. Besides, air is sup- 
plied to the fuel cell 11 by means of the blower 49. The 
hydrogen in the cell and the oxygen in the air are then 
reacted In the fuel cell 11 to generate electric power, and 
accordingly water. 

[0094] From the cooling water tank 1 2 provided in the 
cooling water channel 13, water is passed through the 
fuel cell 11 by the cooling water pump 14, thereby re- 
covering heat generated in electric power generation. If 
the water in the cooling water tank 12 is reduced, the 
level sensor 51 detects the reduction of the water level 
and sends a signal to the controller 31 , and the cooling 
water is supplied by means of the water supply pump 1 9. 
[0095] On the other hand, hot water Is fed from the 
hot water reservoir 43 to the hot water circulation chan- 
nel 46 by means of the hot water circulation pump 50, 
the heat recovered from the fuel cell 11 is transferred 
from the cooling water to the hot water In the heat ex- 
changer 5, and the hot water returns to the hot water 
reservoir 43 and is stored therein. 
[0096] The air discharged from the fuel cell is passed 
through the condenser 53 to provide condensed water. 
Then, the water Is introduced Into the condensed water 
tank 18, and the air Is discharged to the outside of the 
system. A hydrogen-side exhaust gas is Introduced into 
the combustion section 42 of the reformer and burned 
with the city gas. 

[0097] When the hot water In the hot water reservoir 
43 is consumed, water is introduced Into the hot water 

reservoir 43 from the outside only by the quantity of con- 
sumed hot water. At that time, after passing through the 
reverse osmosis membrane device 44 provided In the 
hot water supply channel 45, preliminarily purified water 
is supplied to the condensed water tank 18, and con- 
densed water is introduced to the hot water reservoir 43. 
[0098] The reverse osmosis membrane is a mem- 
brane with micropores. While most of impurities cannot 
pass through the membrane, water molecule can pass 
through it. Therefore, water with a high purity exudes to 
the otherside of the membrane. The impurities not pass- 
ing through the membrane are discharged in the fonn 
of the condensed water. In the purification using the re- 


verse osmosis membrane, the condensed water is typ- 
ically abandoned, and therefore, it is required to supply 
a significantly larger amount of raw water than the re- 
quired amount of pure water. However, according to this 
embodiment, the condensed water is not discharged but 
introduced Into the hot water reservoir 43, and thus, 
waste of water is abandoned. 
[0099] The condensed water tank 18 stores mixed 
water of the water collected in the system and the water 
preliminarily purified by the reverse osmosis membrane 
device. The mixed water is supplied to the reformer 41 
by means of the reformed water supply pump 48 and to 
the cooling water tank 12 by means of the water supply 
pump 19, after highly purified through the ion removal 
filters 22 and 47, respectively. 

[01 00] In this embodiment, the water preliminarily pu- 
rified through the reverse osmosis membrane device 44 
is introduced into the condensed water tank 18, mixed 
with the water collected in the system, and then passed 
through the ion removal filter 22 or 47. However, the 
same effect can be achieved if the ion removal filter is 
disposed before the water preliminarily purified through 
the reverse osmosis membrane device 44 is mixed with 
the collected water. 

[01 01] In addition, the same effect can be achieved If 
the water preliminarily purified through the reverse os- 
mosis membrane device 44 is directly introduced to the 
ion exchange resins 22 and 47 without passing through 
the condensed water tank 1 8. 
[01 02] As described above, according to this embod- 
iment, when the hot water in the hot water resen/oir 43 
is used for hot water supply, water is supplied to the re- 
verse osmosis membrane device 44, and the con- 
densed water, which would be wasted In purification with 
atypical reverse osmosis membrane device, is supplied 
to the hot water reservoir 43. Therefore, the preliminarily 
purified water can be obtained without wasting water, 
the running cost can be kept low, and the life of the ion 
exchange resin in the ion removal filter can be extended. 

(Seventh Embodiment) 

[0103] Figure 7 is a block diagram showing a fuel cell 
system according to a seventh embodiment of this in- 
vention. Members identical or corresponding to those In 
Figure 6 are given the same reference numerals, and 
description thereof will be omitted. This embodiment is 
different from the sixth embodiment in that the reverse 
osmosis membrane device 44 is provided in the hot wa- 
ter circulation channel 46, rather than in the hot water 
supply channel 45, with an inlet thereof being connected 
to the hot water reservoir 43, a condensed water outlet 
thereof being connected to the heat exchanger 15, and 
a purified water outlet thereof being connected to the 
condensed water tank 18. 

[0104] A channel (not shown) for bypassing the heat 
exchanger 1 5, a branch switching valve (not shown) and 
a temperature sensor (not shown) are provided In the 
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cooling water channel 13, and water streanns flowing 
through the bypass channel and the heat exchanger 15 
are adjusted by means of the controller 31. Water is 
made to run through the hot water circulation channel 
46 from the beginning. When the temperature of the s 
cooling water circulating through the cooling water 
channel 13, detected by the temperature sensor, be- 
comes equal to or higher than a certain value, the 
branch switching valve switches to pass the water 
through the hot water circulation channel 46 and begins io 
to store the hot water in the hot water reservoir 43. Thus, 
after that, the water Is supplied to the reverse osmosis 
membrane device 44 continuously during operation, 
and the preliminarily purified water is stored in the con- 
densed water tank 1 8. is 
[0105] In the sixth embodiment, if the usage of the hot 
water in the hot water reservoir 4 is low and the hot water 
Is left to get cool for example, the city water is not sup- 
plied from the outside, and electric power generation Is 
conducted without passing water through the hot water 20 
supply channel 45. that is, without adding the prelimi- 
narily purified water to the condensed water tank 18. 
Thus, there is a possibility of lacking the preliminarily 
purified water. However, In this embodiment, during sys- 
tem operation, the water Is continuously passed through 25 
the hot water circulation channel 46 according to the 
quantity of the recovered heat, and therefore, a lack of 
the preliminarily purified water does not occur 
[0106J As described above, according to this embod- 
iment, during operation of the fuel cell system, the water 30 
circulates through the hot water circulation channel 46, 
the purified water is supplied to the reverse osmosis 
membrane device 44, and the condensed water flows 
to the hot water circulation channel 1 2 as it is. Therefore, 
the preliminarily purified water can be obtained without 35 
wasting water, the running cost can be kept low, and the 
life of the ion exchange resin can be extended. 

(Eighth Embodiment) 

40 

[01 07] Figure 8 is a block diagram showing a fuel cell 
system according to an eighth embodiment of this in- 
vention. IVIembers Identical or corresponding to those in 
Figures 6 and 7 are given the same reference numerals, 
and description thereof will be omitted. This embodi- 45 
ment is different from the seventh embodiment in that a 
reverse osmosis membrane inlet-side channel switch- 
ing valve 54 is provided at the side of an inlet of the re- 
verse osmosis membrane device 44, a condensed wa- 
ter outlet-side channel switching valve 55 is provided at so 
the side of an outlet for the condensed water of the re- 
verse osmosis membrane device 44, and a bypass 
channel 56 is provided between the reverse osmosis 
membrane inlet-side channel switching valve 54 and the 
condensed water outlet-side channel switching valve 55 ss 
to directly interconnect them not through the reverse os- 
mosis membrane device 44. 

[0108] The controller 31 switches the reverse osmo- 


sis membrane inlet-side channel switching valve 54 and 
the condensed water outlet-side channel switching 
valve 55 according to the operational condition of the 
system so that a required amount of water is purified by 
the reverse osmosis membrane device 44, and If no pu- 
rification is needed, the controller 31 switches so that 
the water is passed through the bypass channel 56 to 
avoid excessive purification. Here, as one example of 
the operational condition of the system, there is a case 
where the condensed water tank 18 may sufficiently 
store the preliminarily purified water. In this regard, the 
amount of the water In the condensed water tank 1 8 is 
detected with a water sensor provided therein, or indi- 
rectly detected using the level sensor 51 In the cooling 
water tank 12. Besides, the operational condition of the 
system Includes the case of maintenance of the reverse 
osmosis membrane device 44. 
[01 09] In this embodiment, the reverse osmosis mem- 
brane Inlet-side channel switching valve 54 serving as 
the reverse osmosis membrane Inlet-side channel ad- 
justing valve of this invention and the condensed water 
outlet-side channel switching valve 55 serving as the 
condensed water outlet-side channel adjusting valve of 
this invention are channel switching vales. However, the 
same effect can be achieved If a valve that adjusts a 
flow ratio, rather than the switching valve, Is used at the 
inlet side of the reverse osmosis membrane device 44 
to adjust the flow ratio. And, while the description has 
been made assuming that both the reverse osmosis 
membrane Inlet-side channel switching valve 54 andthe 
condensed water outlet-side channel switching valve 55 
are provided, the system may be arranged to Include 
either one of them. Furthermore, the same effect can be 
achieved if a valve that adjusts a flow ratio, rather than 
the switching valve, is used also at the outlet side of the 
reverse osmosis membrane device 44 to adjust the flow 
ratio. 

[01 1 0] As described above, according to this embod- 
iment, the water supply to the reverse osmosis mem- 
brane device 44 can be stopped without stopping the 
system operation when there is no need to supply water 
to the reverse osmosis membrane device 44, for exam- 
pie, when there Is a sufficient preliminarily purified water 
or during maintenance of the reverse osmosis mem- 
brane device 44, in addition, by avoiding excessive pu- 
rification of water, the maintenance cycle of the reverse 
osmosis membrane device can be extended. 
[0111] In this embodiment, the description has been 
made assuming that the reverse osmosis membrane in- 
let-side channel switching valve 54, the condensed wa- 
ter outlet-side channel switching valve 55 and the by- 
pass channel 56 are added to the arrangement of the 
seventh embodiment shown in Figure 7. However, they 
may be added to the arrangement of the sixth embodi- 
ment shown In Figure 6. 
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(Ninth Embodiment) 

[01 12] Figure 9 is a block diagram showing a fuel cell 
system according to a ninth embodiment of this inven- 
tion. Members identical orcon'esponding to those In Fig- 
ures 6 and 8 are given the same reference numerals, 
and description thereof will be omitted. This embodi- 
ment is different from the eighth embodiment in that 
there is provided a temperature sensor 57, which is tem- 
perature detecting means of measuring the temperature 
of the water supplied to the reverse osmosis membrane 
device 44, and in that according to the temperature 
measured with the temperature sensor 57, the controller 
31 switches the water flow between the bypass channel 
56 and the reverse osmosis membrane device 44. 
[0113] The heat generated in the course of the electric 
power generation is stored in the hot water reservoir 43, 
the water in the hot water reservoir 43 has a thermal 
gradient due to convection, and the temperature of the 
upper water in the hot water reservoir is Increased ear- 
lier. A hot water reservoir outlet for the hot water circu- 
lation channel 46 is typically provided at a lower part of 
the hot water reservoir, and water of a low temperature 
Is discharged therefrom. However, when the water is 
nearly boiled, the temperature of the lower water in the 
reservoir is also increased, and thus, the temperature 
of the water entering into the reverse osmosis mem- 
brane device 44 is also increased. The temperature of 
the water to be supplied to the reverse osmosis mem- 
brane device 44 Is measured with the temperature sen- 
sor 57, and if it is equal to or higher than a certain tem- 
perature, the reverse osmosis membrane inlet-side 
channel switching valve 54 and the condensed water 
outlet-side channel switching valve 55 are switched to 
prevent the water from flowing through the reverse os- 
mosis membrane device 44, thereby passing the water 
through the bypass channel 56. 
[0114] Here, the certain temperature is determined 
based on the durable temperature of the reverse osmo- 
sis membrane of the reverse osmosis membrane device 
44. Generally, the reverse osmosis membrane is de- 
graded at a high temperature, the water supplied to the 
reverse osmosis membrane device 44 needs to be kept 
equal to or lower than 50°G in consideration of the du- 
rable temperature thereof. Thus, there is a need to pre- 
vent the hot water from directly flowing to the reverse 
osmosis membrane device when the water is neariy 
boiled. According to such an arrangement, the water 
can be prevented from flowing into the reverse osmosis 
membrane device 44 when the temperature of the hot 
water is high. 

[0115] In this embodiment, when the temperature of 
the water is equal to or higher than a certain tempera- 
ture, the reverse osmosis membrane inlet-side channel 
switching valve 54 and the condensed water outlet-side 
channel switching valve 55 are switched to prevent the 
water from flowing through the reverse osmosis mem- 
brane device 44, thereby passing the water through the 


bypass channel 56. However, the same effect can be 
achieved if a valve capable of adjusting the flow ratio is 
used to adjust the ratio between the flow rates of the 
bypass channel 56 and the reverse osmosis membrane 

5 device 44. 

[01 1 6] As described above, according to this embod- 
iment, since the reverse osmosis membrane at a higher 
temperature can provide more pure water, the amount 
of the water flowing through the reverse osmosis mem- 

10 brane device 44 is adjusted according to the tempera- 
ture, and thus a required amount of preliminarily purified 
water can be obtained. Besides, the reverse osmosis 
membrane is generally susceptible to high temperature. 
Thus, a certain temperature is predetennined, and when 

IS the temperature becomes equal to or higher than the 
certain temperature, the water supply to the reverse os- 
mosis membrane device 44 is completely stopped, 
whereby the reverse osmosis membrane device can be 
prevented from being degraded and the life thereof can 

20 be extended. 

(Tenth Embodiment) 

[01 1 7] Figure 1 0 is a block diagram showing a fuel cell 

25 system according to a tenth embodiment of this inven- 
tion. Members identical orcorresponding to those in Fig- 
ures 6 to 9 are given the same reference numerals, and 
description thereof will be omitted. This embodiment Is 
characterized in that a booster pump 58, which is boost- 

30 er means of Increasing the pressure of water, is provided 
in the inlet-side channel of the reverse osmosis mem- 
brane device 44. However, in this shown arrangement, 
the condensed water outlet-side channel switching 
valve 55 is omitted (or alternatively, may be provided). 

35 [0118] The water passing through the hot water circu- 
lation channel 46 has a flow rate significantly higherthan 
that of the water passing through the hot water supply 
channel 45 but it has a pressure generally lower than 
that of the tap water If the pressure thereof Is low, there 

40 Is a possibility of a lack of the water provided at the re- 
verse osmosis membrane device 44. Providing the 
booster pump 58 In the inlet-side channel of the reverse 
osmosis membrane device 44 and applying pressure as 
required allows the amount of the water purified in the 

4s reverse osmosis membrane device 44 to be adjusted 
and the lack of the preliminarily purified water to be 
avoided. 

[0119] As described above, according to this embod- 
iment, since the higher the pressure of the water, the 

so more purified water the reverse osmosis membrane de- 
vice 44 can provide, when the usage of water Is high 
and the capability of preliminary purification becomes 
Insufficient, the insufficient capability can be compen- 
sated by Increasing the pressure of the water. 

55 [0120] As for the above-described arrangement, the 
description has been made assuming that the booster 
pump 58 is provided In the arrangement including the 
reverse osmosis membrane Inlet-side channel swltch- 
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ing valve 54 and the bypass channel 56. However, as 
in the eighth and ninth embodiments, the booster pump 
58 may be provided in the arrangement additionally In- 
cluding the condensed water outlet-side channel switch- 
ing valve 55, or provided between the hot water circula- 
tion pump 50 and the inlet of the reverse osmosis mem- 
brane device 44 in the seventh embodiment. 

(Eleventh Embodiment) 

[0121] Figure 1 1 is a block diagram showing a fuel cell 
system according to a sixth embodiment of this inven- 
tion. In this drawing, members identical or correspond- 
ing to those in Figures 6 and 8 are given the same ref- 
erence numerals, and description thereof will be omit- 
ted. This embodiment is characterized in that there is 
provided a level sensor 59 for measuring a water level, 
which is water-amount measuringmeans of measuring 
the amount of the water stored in the condensed water 
tank 1 8 that stores the water preliminarily purified by the 
reverse osmosis membrane device 44. 
[0122] In a state where heat exchange is conducted 
in the heat exchanger 15 after passing through the by- 
pass channel 56 from the hot water reservoir 43, when 
the water in the condensed water tank 18 Is reduced, 
the water level is lowered, the level sensor 59 detects 
the lowering of the water level, and a signal is transmit- 
ted to the controller 31. In response to the signal, the 
controller 31 transmits an instruction to the reverse os- 
mosis membrane inlet-side channel switching valve 54 
and the condensed water outlet-side channel switching 
valve 55 to switch the flow channel so that the water 
from the hot water reservoir 43 passes through the by- 
pass channel 56 to the reverse osmosis membrane de- 
vice 44. 

[0123] Thus, since purification by the reverse osmosis 
membrane device 44 can be conducted only when the 
amount of water in the condensed watertank 1 8 Is small, 
the maintenance cycle of the reverse osmosis mem- 
brane device 44 can be extended. 
[0124] While in this embodiment, the level sensorthat 
measures the water level in the tank is used as the wa- 
ter-amount measuring means, the same effect can be 
achieved if the water level is measured in another way, 
such as measurement of the weight of the tank, optical 
detection of the water surface and the like. 
[0125] As described above, according to this embod- 
iment, when the amount of water detected with the wa- 
ter-amount measuring means is large, the flow rate of 
the bypass channel 56 Is increased, or the water passes 
only through the bypass channel 56. Thus, the prelimi- 
nary purification of water by the reverse osmosis mem- 
brane device 44 can be conducted only when It is need- 
ed, whereby the life of the reverse osmosis membrane 
device 44 can be extended. 

[0126] As for the above-described arrangement, the 
description has been made assuming that the level sen- 
sor 59, the reverse osmosis membrane Inlet-side chan- 


nel switching valve 54, the condensed water outlet-side 
channel switching valve 55 and the bypass channel 56 
are added to the arrangement of the seventh embodi- 
ment shown in Figure 7. However, they may be added 
5 to the arrangement of the sixth embodiment shown in 
Figure 6. 

(Twelfth Embodiment) 

10 [0127] Figure 12 is a block diagram showing a fuel cell 
system according to a seventh embodiment of this in- 
vention. In this drawing, members identical or corre- 
sponding to those in Figures 6 to 1 1 are given the same 
reference numerals, and description thereof will be omlt- 

is ted. Reference numeral 60 denotes a flow ratio control 
valve serving as a reverse osmosis membrane inlet-side 
channel control valve of this invention, and reference 
numeral 61 denotes a flow meter. In this shown arrange- 
ment, the condensed water outlet-side channel switch- 

20 Ing valve 55 is omitted (or alternatively, may be provid- 
ed). 

[01 28] This embodiment is characterized in that there 
is provided the flow meter 61 , which is flow rate meas- 
uring means of measuring the flow rate of the water sup- 
25 plied to the refomner 41 . 

[0129] The water level in the condensed water tank 
18 is detected with the level sensor 51, the amount of 
the water supplied to the refomied is measured with the 
flow meter 61 to obtain the usage rate of water, the con- 
so troller 31 controls the flow ratio control valve 60 so that 
a required amount of water can be purified, and a re- 
quired amount of water is preliminarily purified. 
[0130] Even In the case where the purification in the 
reverse osmosis membrane device 44 is started after 
35 the water level In the condensed water tank 18 is de- 
tected, if a large amount of water is used, the water in 
the condensed water tank 18 maybe reduced rapidly. 
However, with such an arrangement, a required amount 
of water Is purified and excessive purification is avoided, 
40 so that the life of the reverse osmosis membrane device 
44 can be extended. 

[0131] As described above, according to this embod- 
iment, when the amount of generated hydrogen is varied 
according to the desired amount of electric power, the 

45 amount of the water to be reformed is varied according- 
ly and therefore, the usage of water can be found by 
detecting the amount of the water refomned. Thus, when 
the usage is high, the amount of the water passing 
through the reverse osmosis membrane device 44 is in- 

50 creased, or when the usage is low, the amount of the 
water passing through the reverse osmosis membrane 
device 44 is decreased, whereby a required amount of 
water can be preliminarily purified and the life of the re- 
verse osmosis membrane device 44 can be extended. 

55 [0132] The same effect can be achieved if the flow 
meter is provided in the water supply channel 20 to 
measure the flow rate of the supplied water, whereby 
the controller 31 controls the flow ratio control valve 60 
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so that a required amount of water can be purified. Fur- 
tliermore, in the above-described embodinrient, the de- 
scription has been made assuming that the flow meter 
61 and the flow ratio control valve 60 are added to the 
arrangement of the seventh embodiment shown in Fig- 
ure 7. However, they may be added to the arrangement 
of the sixth embodiment shown in Figure 6. 

(Thirteenth Embodiment) 

[01 33] Figure 1 3 Is a block diagram showing a fuel cell 
system according to a thirteenth embodiment of this in- 
vention. In this drawing, members identical or corre- 
sponding to those in Figures 6 to 1 2 are given the same 
reference numerals, and description thereof will be omit- 
ted. Reference numeral 62 denotes an amount-of-elec- 
tric-power-generatlon-controlling section, reference nu- 
meral 63 denotes a current measuring section and ref- 
erence numeral 64 denotes amount-of-collected-con- 
densed-water-estimatlng means. However, In this 
shown arrangement, the reverse osmosis membrane in- 
let-side channel control valve 56 is omitted (or alterna- 
tively, may be provided), 

[0134] This embodiment is characterized In that there 
are provided the current measuring section 63 serving 
as amount-of-electric-power-generation-measuring 
means of measuring the amount of electric power gen- 
erated by the fuel cell 1 1 and the amount-of-collected- 
condensed-water-estlmating means 64 of estimating 
the amount of the collected water based on the meas- 
ured current value. 

[01 35] Since In the amount-of-electric-power-genera- 
tlon-controlling section 62, the amount of extracted cur- 
rent is controlled by the instruction from the controller 
31 so as to generate a required amount of electric pow- 
er, an actual cun-ent extracted Is measured with the cur- 
rent measuring section 63. 

[0136] In the electric power generation in the fuel cell, 
a phenomenon as shown In Figure 9 occurs therein. 
Therefore, the amount of the collected water can be es- 
timated based on the current value. 
[0137] Figure 14 is a conceptual diagram illustrating 
a reaction In a fuel cell. Reference numeral 1 01 denotes 
an electrolyte, reference numeral 102 denotes a fuel 
electrode, reference numeral 103 denotes an air elec- 
trode and reference numerals 104a and 104b denote 
hydrogen-side and air-side catalyst layers, respectively, 
[0138] Hydrogen Hg, which Is supplied as fuel, emits 
an electron e' In the hydrogen-side catalyst layer 1 04a 
to become H+. The electron e- is extracted to the outside 
via the fuel electrode 1 02. The travel per unit time of the 
H+ or e- indicates the current extracted during electric 
power generation. The H+ moves through the electrolyte 
101 to the side of air and, in the air-side catalyst layer 
104b, is bonded with oxygen O2 in the air and electron 
e' supplied by the air electrode 1 03, whereby water HqO 
is generated, and gas Is exhausted from the fuel cell. 
The amount of the generated water is proportional to the 


number of hydrogen ions H+, that is, the current, and the 
amount of the water moved accompanying with the H+ 
Is substantially proportional to the number of the hydro- 
gen ions H+, and therefore, it is substantially detennined 
5 by the amount of electric power generation. 

[0139] In the case of the polymer electrolyte fuel cell, 
since the solid polymer electrolyte need to be kept moist 
to realize electric power generation with high efficiency, 
both the air and the fuel are Introduced into the fuel cell 
10 with being humidified. It Is said that during electric power 
generation, the H+ is accompanied with water molecules 
when it passes through the electrolyte and then moves 
to the side of the air electrode. Thus, the water in the 
fuel gas Is reduced, and the exhaust gas on the side of 
'5 air contains the water moved, the water generated in the 
reaction, and the water originally contained as humidity. 
[0140] Therefore, by detecting the current, the 
amount of the water collected by the condenser 53 as 
condensed water can be estimated with the collected 
20 condensed water estimating means 64. And by deter- 
mining the amount of water to be supplied to the reverse 
osmosis membrane device 44 according to the amount 
of the collected water and supplying a minimum required 
amount of water, the life of the reverse osmosis mem- 
25 brane device 44 can be extended. 

[0141] In this embodiment, the current is directly 
measured. However, if the current-voltage characteris- 
tic of the fuel cell Is previously measured, the current 
value can be detennined from the values of voltage and 
30 electric power. Thus, the voltage or electric power may 
be measured to achieve the same effect. 
[0142] As described above, according to this embod- 
iment, since the amount of the water generated in the 
fuel cell 1 1 is determined by the amount of electric power 
35 generation, the water that can be collected in the system 
can be estimated by measuring the amount of electric 
power generation. If the estimated amount is large, the 
amount of the water preliminarily purified by the reverse 
osmosis membrane device 44 is decreased, and If it Is 
40 small, a required amount of water can be preliminarily 
purified by the reverse osmosis membrane device 44, 
whereby the life of the reverse osmosis membrane de- 
vice 44 can be extended. 

[0143] In the above-described embodiment, the de- 
45 scription has been made assuming that the amount-of- 
electric-power-generation-controlling section 62, the 
current measuring section 63 and the amount-of-collect- 
ed-condensed-water-estimating means 64 are added to 
the arrangement of the sixth embodiment shown In Fig- 
50 ure 6. However, they may be added to the an'angement 
of the seventh embodiment shown in Figure 7. 

(Fourteenth Embodiment) 

55 [0144] Figure 15 Is a block diagram showing a fuel cell 
system according to a fourteenth embodiment of this in- 
vention. In this drawing, members identical or corre- 
sponding to those in Figures 6 to 13 are given the same 
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reference numerals, and description thereof will be omit- 
ted. 

[0145] This embodiment is characterized in that, in 
the fuel cell system of the sixth embodiment, when the 
preliminarily purified water becomes insufficient, the wa- 
ter in the hot water reservoir is discharged. 
[0146] An arrow A indicates the flow of water in the 
case of using hot water, and an arrow B indicates the 
flow of water in the case of discharging water through 
the drain valve 52. The arrows A and B indicate that wa- 
ter flows in the same direction in either case. 
[0147] Since water flows through the hot water supply 
channel 46 only when the hot water in the hot water res- 
ervoir 43 is used. If the usage of the hot water in the hot 
water reservoir 43 is low and the hot water is left to get 
cool for example, the city water is not supplied from the 
outside, and electric power generation Is conducted 
without passing water through the hot water supply 
channel 45, that is, without water supplied to the con- 
densed water tank 18 through the reverse osmosis 
membrane device 44. Thus, there is a possibility of lack- 
ing the preliminarily purified water. 
[0148] The hot water reservoir 43 is typically provided 
with the drain valve 52 for drainage. Therefore, If the 
preliminarily purified water is insufficient, water is dis- 
charged through the drain valve 52 of the hot water res- 
ervolr43. Then, the water flows in the direction indicated 
by the arrow B, the water flows through the hot water 
supply channel 45, and thus, water purification can be 
conducted In the reverse osmosis membrane device 44. 
At this time, the hot water in the hot water reservoir 43 
has got cool, and heat is not wasted. 
[0149] As described above, according to this embod- 
iment, generally, when the hot water in the hot water res- 
ervoir 43 is used, the hot water is supplied thereto by 
the amount corresponding to the usage. Thus, no water 
flows through the hot water supply channel 45 unless 
the hot water is used. Therefore, in the fuel cell system 
having the reverse osmosis membrane device 44 pro- 
vided in the hot water supply channel 45, there is a pos- 
sibility of a lack of the preliminarily purified water if the 
next electric power generation is started in a state where 
the hot water is left, without being used, to get cool. A 
commercially-available hot water reservoir is generally 
provided with the drain valve 52 fordralnage. Therefore, 
in such a case, water is discharged through the drain 
valve 52 to add water to the hot water reservoir 43, 
whereby the water can be preliminarily purified In the 
reverse osmosis membrane device 44. 
[0150] While In the above-described embodiments, 
the polymer electrolyte fuel cell is used as the fuel cell, 
the fuel cell of this invention may be another type of fuel 
cell. 

[0151] While in the above-described embodiments, 
the description has been made using the Ion removal 
filter including the Ion exchange resin as the water qual- 
ity treatment means, the water quality treatment means 
of this invention may be a hollow fiber or means of elec- 


trically separating Ions. 
Industrial Applicability 

5 [0152] As apparently seen from the above descrip- 
tion, the present invention can provide a fuel cell system 
in which the cooling water tank and the cooling water 
channel need not be constructed so as to withstand 
pressure variation. 

10 [0153] In addition, the quality of the cooling water can 
be maintained, themial degradation of the water quality 
treatment means can be prevented to extend the life 
thereof, and a fuel cell system having an overall high 
efficiency can be provided at a low cost. 

15 [0154] In addition, with the fuel cell system according 
to this invention, the reverse osmosis membrane device 
can purify water without discharging the condensed wa- 
ter, and therefore, water is not wasted and the life of the 
ion exchange resin used in the water quality treatment 

20 means can be extended. 

[0155] In addition, since minimum water purification 
Is conducted in the reverse osmosis membrane device, 
the maintenance cycle of the reverse osmosis mem- 
brane device can be extended. 
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1 . A fuel cell system, comprising: 

a fuel cell that generates electric power using 
a fuel gas and an oxidizer gas; 
a cooling water tank that stores cooling water 
for cooling said fuel cell; 
fuel-side condenser means of cooling an ex- 
haust fuel gas discharged from said fuel cell to 
condense content water vapor, thereby provid- 
ing condensed water and /or oxidlzer-side con- 
denser means of cooling an exhaust oxidizer 
gas discharged from said fuel cell to condense 
content water vapor, thereby providing con- 
densed water; 

a condensed water tank that is opened to at- 
mosphere and stores said condensed water 
provided by said fuel-side condenser means 
and/or said oxidizer-slde condenser means; 
and 

an atmosphere communicating channel that In- 
terconnects a space In said cooling water tank 
and a space In said condensed water tank. 

2. The fuel cell system according to Claim 1 , compris- 
ing: 

a water supply channel including water supply 
means of supplying water from said condensed 
water tank to said cooling water tank and water 
quality treatment means of adjusting the quality 
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of the water supplied to said cooling water tank; 
and 

controller means of controlling at least an op- 
eration of said water supply nneans, and 
the water adjusted In quality by said water qual- 
ity treatment means is supplied to said cooling 
water tank from said condensed water tank. 

3. The polymer electrolyte fuel cell system according 
to Claim 2, wherein said controller means activates 
said water supply means when starting and/or ter- 
minating the operation of the fuel cell system. 

4. The fuel cell system according to Claim 2, wherein 
said controller means includes: 

number-of-operations storage means of count- 
ing and storing a number of operations of the 
fuel cell system; and 

number-of-operations resetting means of re- 
setting said stored number of operations to an 

initial condition, and 

said water supply means is activated when said 
number of operations stored in said number-of- 
operations storage means becomes larger than 
a certain number, and after the operation of said 
water supply means istenninated, said number 
of operations is reset by said number-of-oper- 
ations resetting means. 

5. The fuel cell system according to Claim 2, wherein 
said controller means includes: 

operation time storage means of counting and 
storing an operation time of the fuel cell system; 
and 

operation time resetting means of resetting said 
stored operation time to an initial condition, and 
said water supply means is activated when said 
operation time stored in said operation time 
storage means becomes larger than a certain 
time , and after the operation of said water sup- 
ply means is temiinated, said operation time Is 
reset by said operation time resetting means. 

6. The fuel cell system according to Claim 2, wherein 
said controller means includes water quality detect- 
ing means of detecting the quality of said cooling 
water, and 

said watersupply means is activated when said 
water quality becomes worse than a predeter- 
mined first reference value, and said watersup- 
ply means is stopped when said water quality 
becomes better than a predetennined second 
reference value during operation of said water 
supply means. 


10. The fuel cell system according to Claim 8, 
wherein said reverse osmosis layer device receives 
said hot water from said hot water reservoir, sepa- 
rates the hot water Into purified water and con- 
densed water, returns said condensed water to said 
hot water reservoir, and supplies said purified water 
to said condensed water tank or said cooling water 
tank. 

11. The fuel cell system according to Claim 9 or 10, 

comprising: 

a bypass channel that directly interconnects an 
inlet port and a discharge port for said con- 
densed water of said reverse osmosis layer de- 
vice; and 

a reverse osmosis membrane inlet-side chan- 
nel control valve and/or a condensed water dis- 
charge-side channel control valve, the reverse 
osmosis membrane Inlet-side channel control 
valve being provided at a branch point of the 
inlet port of said reverse osmosis membrane 
device and said bypass channel or at a position 
closer to said inlet port than the branch point, 
and the condensed water discharge-side chan- 
nel control valve being provided at a branch 
point of said discharge port for the condensed 
water of said reverse osmosis membrane de- 
vice and said bypass channel or at a position 
closer to said discharge port than the branch 
point, 

wherein 

said controller controls the reverse osmosis 
membrane inlet-side channel control valve and/ 
or said condensed water discharge-side chan- 


7. The fuel cell system according to Claim 2, wherein 
an ion exchange resin is used as said water quality 
treatment means. 

5 8. The fuel cell system according to any of Claims 1 
to 7, comprising: 

a hot water reservoir that has a hot water circu- 
lation channel, through which hot water intend- 
^0 ed for heat exchange with said cooling water 

circulates, and stores said hot water; and 
a reverse osmosis layer device. 

9, The fuel cell system according to Claim 8, wherein 
15 said reverse osmosis layer device receives city wa- 
ter, separates the city water into purified water and 
condensed water, supplies said condensed water 
to said hot water reservoir, and supplies said puri- 
fied water to said condensed water tank or said 
20 cooling water tank. 
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nel control valve to pass whole or part of the 
water passing through the said reverse osmo- 
sis layer device through said bypass channel. 

12. The fuel cell system according to Claim 11, com- 
prising: temperature detecting means of measuring 
the temperature of the water supplied to said re- 
verse osmosis membrane device, 

wherein 

said controller controls to adjust a ratio of wa- 
ters supplied to said bypass channel and said 
reverse osmosis membrane device based on 
the temperature measured with said tempera- 
ture detecting means. 

13. the fuel cell system according to Claim 11, com- 
prising booster means of increasing the pressure of 
the water that is provided in the Inlet-side channel 
of said reverse osmosis membrane device. 

14. The fuel cell system according to Claim 11, com- 
prising water amount measuring means of measur- 
ing the amount of water stored In said condensed 
water tank. 

15. The fuel cell system according to Claim 11, com- 
prising flow rate measuring means of measuring the 
amount of water supplied from said condensed wa- 
ter tank to a reformer that supplies the fuel gas to 
said fuel cell. 

16. The fuel cell system according to Claim 11, com- 
prising: 

amount-of-electric-power-generation measur- 
ing means of measuring the amount of electric 
power generated by said fuel cell; and 
amount-of-collected-water estimating means 
of estimating, based on the detection value of 
said amount-of-electric-power-generation 
measuring means, the amount of condensed 
water collected in said fuel-side condenser 
means and/or said oxidizer-side condenser 
means. 

17. The fuel cell system according to Claim 9 or 10, 
wherein said hot water reservoir has a discharge 
valve that discharges said hot water when the water 

. purified In said reverse osmosis membrane device 
becomes insufficient. 

18. A method of operating a fuel cell system compris- 
ing: 

a fuel cell that generates electric power using 

a fuel gas and an oxidizer gas; 

a cooling water tank that stores cooling water 
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for cooling said fuel cell; 
fuel-side condenser means of cooling an ex- 
haust fuel gas discharged from said fuel cell to 
condense content water vapor, thereby provid- 
ing condensed water and /or oxidizer-slde con- 
denser means of cooling an exhaust oxidizer 
gas discharged from said fuel cell to condense 
content water vapor, thereby providing con- 
densed water; 

a condensed water tank that is opened to at- 
mosphere and stores said condensed water 
provided by said fuel-side condenser means 
and/or said oxidizer-side condenser means; 
and 

an atmosphere communicating channel that In- 
terconnects a space in said cooling water tank 
and a space in said condensed water tank, 

wherein the method comprises the steps of: 

generating electric power in said fuel cell using 
said fuel gas and said oxidizer gas; 
cooling said fuel cell with the cooling water in 
said cooling water tank; 
with said fuel-side condenser means and/or ox- 
idizer-side condenser means, providing con- 
densed water by cooling the exhaust fuel gas 
and/or said exhaust oxidizer gas discharged 
from said fuel cell to condense the content wa- 
ter vapor; and 

storing said condensed water In said con- 
densed water tank, and 
atmospheric pressure in said condensed water 
tank accommodates pressure variation in said 
cooling water tank. 

19. The method of operating a fuel cell system accord- 
ing to Claim 18, wherein said fuel cell system com- 
prises: 

a water supply channel including water supply 
means of supplying water from said condensed 
water tank to said cooling water tank and water 
quality treatment means of adjusting the quality 
of the water supplied to said cooling water tank, 
and 

the method comprises a step of supplying the 
water adjusted in quality by said water quality 
treatment means to said cooling water tank 
from said condensed water tank. 

20. The method of operating a fuel cell system accord- 
ing to Claim 1 8 or 1 9, wherein said fuel cell system 
comprises a hot water reservoir having a hot water 
circulation channel intended for heat exchange with 
said cooling water and a reverse osmosis layer de- 
vice, and 

the method comprises the steps of: 
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supplying purified water to said cooling water 
tank and/or said condensed water tanl< through 
said reverse osmosis device; and 
supplying the condensed water discharged 
from said reverse osmosis device to said hot 
water reservoir. 
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